The use of pressure on the abdomen by an abdominal belt has been advocated by Christie (1933) and by Alexander and Kountz (1934) for the treatment of emphysema. Warner and Doidge (1939) have employed a costal belt for the same purpose. Both kinds of treatment were successfully used in some patients only, and as it is the aim of the treatment to influence the range of the diaphragm it seemed useful to examine this influence in a number of normal and emphysematous subjects.
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METHOD
The level of the diaphragm was determined by its distance from the iliac crests (Warner and Doidge, 1939) . The details of this method, which we have used previously for the mreasurement of the diaphragmatic level in emphysema, are described elsewhere (Grossmann and Herxheimer, 1948) . In the present experiments the highest and the lowefst level that could be reached by the diaphragm in maximum expiration and inspiration, and also the range of movement during quiet breathing, were measured in the sitting and in the supine positions. The same measuremnents were taken during costal and abdominal pressure. The pressure was applied by a canvas belt 12 cm. in width, which was fastened round the chest with its upper margin in the axillae or round the abdomen. In order to produce sufficient compression a pad was placed underneath the abdominal belt. The degree of pressure could not be standardized; the belt was put on firmly enough to cause such a degree of discomfort in breathing as the subject believed he could not tolerate easily for longer than from thirty to sixty minutes. In other experiments very moderate pressure was used, of a degree -which the subject believed he could tolerate for an indefinite time. The emphysematous patients proved less tolerant to the pressure than normal subjects.
Respiratory ment of the oxygen used; a horizontal tracing was thus obtained. The vital capacity was recorded three times in each position and the mean of these three values was taken. The subjects had been trained previously to breathe through mouthpiece and valves; subjects_ who could not reproduce consistently the same vital capacity (within an arbitrary range of 150 ml.) were excluded. Eight medical students (six men and two women), who were in normal health, and thirty-four patients were investigated. Of the latter, sixteen suffered from severe and nine from moderate emphysema; nine others were obese asthmatics. The diagnosis " emphysema " was supported in all cases by a typical history of long-standing cough and incre'asing breathlessness on exercise: congestive failure, tuberculosis, and malignant disease of the chest were excluded. In many cases the typical clinical signs of emphysema were present. The differentiation between severe and moderate emphysema was made according to the disability of the patient. Those who showed breathlessness on moderate exertion-walking at normal speed on even ground-were regarded as severe; those who only showed breathlessness, at increased speed or on the up-grade were regarded as moderate. As a rule in the latter the vital capacity was normal or approximately normal, whilst in the former it was much reduced.
A further group includes nine obese asthmatic patients. They were in a subacute asthmatic state, b-ut their history of asthma was comparatively short and did not exceed ten years. It was assumed that some degree of emphysema was present. group.bmj.com on November 7, 2017 -Published by http://thorax.bmj.com/ Downloaded from lost some of its muscular quality through atrophy or fibrosis, it would not be able to relax to a high level.
RESULTS
The patients suffering from moderate emphysema lie about midway between the normal subjects and the severe cases. The inspiratory level is already lower than normal, and physical effort cannot lower it further. But the range of the diaphragmatic movement is unimpaired (hence the normal vital capacity) and the abdominal pressure shows a fairly good mobility of the diaphragm.
The diaphragmatic level of the obese asthmatics is about the same as in normal subjects. The range is somewhat restricted, and the diaphragm cannot be lowered, this indicating that the lowest level has been reached. But under abdominal .. l0llOlllIIl pressure the diaphragm can be lifted -satisf4ctorily.
The individual variations leading to the average values given in Fig. 1 were comparatively smalL. The total range was + 10 per cent in the normal subjects and ± 16 per cent in the emphysematous patients. In the normal group there is only one ,subject in whom the diaphragm could not be lowered on costal pressure. In the group of the moderately emphysematous it could be lowered in some, and it rose in others. In the group of patients suffering from severe emphysema there were only two patients in whom the diaphragm did not rise or in whom it remained unchanged on costal pressure.
Position of the diaphragm during quiet breathing. (1928) have shown, the level of the diaphragm shifts upwards when the position and the patient changes from sitting to lying. This alteration, which is caused by the pressure of the abdominal contents, was confirmed in all our subjects. When the subject was sitting, the " average level " was, as a rule, near the inspiratory limit and not farther from it than one quarter of the total range; when he changed to the supine position the average level " shifted upwards and remained ip the upper half of the total range, very often not more than one quarter of the total range from the expiratory limit.
When abdominal pressure was applied in the sitting position, the " average levels" moved upwards in most cases, but not higher than midway between the expiratory and inspiratory limits, as shown in Fig. 2 . Thus in sitting position external pressure by a belt has a similar influence on the " average level' as the pI essure of the abdominal contents when the subject is lying down.
Range of movement during quiet breathing.-This was measured in three normal and four emphysematous subjects. No gross differences were found between the two groups. Fig. 3 Table) . Costal pressure always caused a pronounced decrease of the vital capacity, whereas the reduction by abdominal pressure was much less. In sixteen of the twentyseven experiments it was 6 per cent or less, and in all but one less than the reduction by costal pressure. This-is remarkable, because the upwards shift of the diaphragm by the abdominal belt was very pronounced. The emphysematous patients reacted in the same way as the normal subjects. 2. When abdominal pressure forces the diaphragm upwards and reduces its excursions, the vital capacity decreases very little. This shows that some other factor must have compensated for the loss of diaphragmatic action. Increased rib movement is probably the factor, and evidence for this assumptio'n will be presented elsewhere. It follows that loss of diaphragmatic function by external pressure can be compensated more easily by rib movement than loss of rib movement by diaphragmatic function.
3. In no case has costal or abdominal pressure increased the vital capacity. This is in accordance with the observations of Warner and Doidge (1939) . Alexander and Kountz (1934) and Alexander (1936) It is difficult to offer an explanation for the subjective improvement during compression, and also for the subsequent increase of the vital capacity. One may be tempted to assume that belt pressure causes certain parts of the lungs to be ventilated more than before. In many cases emphysema affects only some parts of the lungs, for instance the anterior margin. If the breathing movements, altered by belt pressure, ventilated other regions more an improvement of the gas exchange could be expected. If this were so it would be necessary to find the exact localization of the emphysematous changes in every case in order to devise rational treatment.
The increase of vital capacity which has been found after removal of the belt may be due to the additional respiratory training the compressio -has produced. As has been shown, the costal belt moves the diaphragm to greater excursions; the abdominal belt, on the other hand, immobilizes the diaphragm to some extent and will encourage greater movements of the ribs. It is possible that the greater ranges of movement thus acquired are retained after removal of the pressure, and that they increase the vital capacity. I have been able to show a similar effect in four untrained normal subjects (Herxheimer, 1946) , but not in four other normal persons especially well trained in respiratory exercises. SUMMARY 1. The' range of the diaphragmatic movements has been examined under costal-and abdominalbelt pressure in nine normal and in thirty-four emphysematous subjects.
2. Costal pressure enabled the normal but not the emphysematous subject to lower the diaphragm more on maximum inspiration.
3. Abdominal pressure enabled both groups to push the diaphragm higher up in maximum expiration; during quiet breathing it restricted the diaphragmatic movements to a minimum.
4. In no case did improvement of the vital capacity occur. Under costal pressure the vital capacity was always considerably reduced. Its reduction under abdominal pressure was much smaller, in the majority of experiments 6 per cent or less.
5. The application of these findings to the belt treatment of emphysema is discussed.
I am indebted to Dr. E. E. Pochin for valuable criticisms, and to Dr. Andrew Morland for a number of patients from his out-patients clinic.
